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Abstract – Introduction. This study was carried out in French Guiana, over ten years (1994–2003)
by three institutions (SPV, FDGPC and CIRAD); it updates the current state of knowledge of
Tephritidae (both Dacini and Toxotrypanini tribes) species present in this country. Materials and
methods. The work was mainly conducted in inhabited areas (from the Brazilian border to the
Surinamese border) where cultivated fruit crops are located. Specimens were obtained by adult
trapping and fruit sampling in nearby orchards and at the edge of the rainforest. Trapping was
done consistently for 10 years, while fruit sampling was a discontinuous activity. We present only
the results for fruit sampling from three consecutive years (2001–2003) in which a total of 880 kg
from 45 fruit species in 22 plant families were collected. Results. Twenty-nine plant species from
fourteen plant families were found to be hosts of twenty-one Anastrepha species and one
Bactrocera species, Bactrocera carambolae Drew and Hancock. During this period, no specimen
of Ceratitis capitata (Wiedemann) was collected in traps or fruit samples. We registered the main
fruit trees which were hosts for B. carambolae and Anastrepha spp. Five hymenopterous parasitoid
species were identified. Among them, Diachasmimorpha longicaudata (Ashmead) (Hymenoptera,
Braconidae) is an exotic species and was introduced into French Guiana in collaboration with
Brazilian authorities (EMBRAPA) in 2000 and 2001 within the framework of a classical biological
control program. Conclusion. Our data provide baseline information about the tephritid species of
economic importance present in French Guiana and assist in developing potential future control
programs of both the B. carambolae and Anastrepha species in the Amazon Basin. These
preliminary results are discussed in the light of their implication for rainforest conservation efforts
and also evolutionary relationships between fruit flies and their hosts.
French Guiana / fruit trees / host plants / fruit-damaging insects / data collection /
Tephritidae / Braconidae / Bactrocera carambolae / Anastrepha
Diversité des espèces de mouches des fruits (Diptera : Tephritidae) présentes en
Guyane française : leurs principales plantes-hôtes et leurs parasitoïdes durant la
période 1994–2003, et perspectives de lutte.
Résumé – Introduction. Cette étude s’est déroulée en Guyane française durant dix ans (1994–2003)
grâce à trois institutions (SPV, FDGPC, CIRAD) ; elle apporte sa contribution à un inventaire des
espèces de Tephritidae (Dacini and Toxotrypanini) dans ce pays. Matériel et méthodes. Cet
inventaire concerne les zones habitées de la Guyane française de la frontière brésilienne à la
frontière surinamienne et concerne les localités hébergeant des cultures fruitières. Les Tephritidae
ont été obtenues par piégeage des adultes et échantillonnages de fruits autour des vergers et en
bordure de la forêt pluviale. Le piégeage a duré globalement une dizaine d’année tandis que les
échantillonnages de fruits ont été effectués de façon discontinue. Nous présentons les résultats de
trois années consécutives (2001 à 2003) durant lesquelles un total de 880 kg de fruits, avec
45 essences fruitières représentant 22 familles, a été récolté. Résultats. Vingt neuf espèces fruitières
appartenant à quatorze familles sont les hôtes de vingt et une espèces d’Anastrepha et d’une espèce
de Bactrocera, Bactrocera carambolae Drew and Hancock. Durant cette période, aucun specimen
de Ceratitis capitata (Wiedemann) n’a été capturé dans les pièges ou n’a émergé des récoltes de
fruits. Nous présentons les principales espèces fruitières hôtes de B. carambolae et Anastrepha spp.
Nous avons identifié cinq espèces d’hyménoptères parasitoïdes. Parmi elles, Diachasmimorpha
longicaudata (Ashmead) (Hymenoptera, Braconidae) est une espèce exotique qui a été introduite
en Guyane française en 2000 et 2001 en collaboration avec les autorités brésiliennes (EMBRAPA),
dans le cadre d’un programme de lutte biologique. Conclusion. Ces observations préliminaires
peuvent apporter des informations basiques dans l’éventualité de la reprise des programmes de lutte
contre B. carambolae et contre les principales espèces d’Anastrepha dans le bassin amazonien. Ces
résultats sont discutés dans l’optique de leur valorisation pour la protection des forêts primaires,
mais également de l’évolution des relations insectes-plantes.
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J.-F. Vayssières et al.1. Introduction
In South America, flies within the Anast-
repha, Ceratitis [1–6] and, more recently,
Bactrocera [7–12] genera cause substantial
damages to commercial (and non-commer-
cial) fruits. Anastrepha is the only genus
native to the New World and is the most
diverse and economically damaging genus
of Tephritidae in the Neotropical region; it
is commonly limited to tropical and sub-
tropical areas [1, 13, 14], although there are
some species that inhabit temperate areas as
well [5]. The taxonomy and the zoogeogra-
phy of the genus Anastrepha have been
studied by many authors [2, 3, 13, 15] and
new species are regularly described [16–19].
At the same time, Anastrepha species have
revealed remarkable biological, ecological
and behavioral traits [1, 20, 21].
Our study focused on the diversity of fruit
fly species (both Dacini and Toxotrypanini
tribes) captured or reared in French Guiana
during ten consecutive years from 1994 to
2003. Many articles have been published on
tephritids from the New World, in South
America as well as in other parts of the Neo-
tropical region; however, a brief review of
the fruit fly research in French Guiana
showed that very little has been published
regarding the fruit flies present, either as a
list of species present or describing the dam-
ages they cause. We hope that this publica-
tion using data collected over a decade will
add to the bulk of information on tephritid
species in the region and update the infor-
mation known from French Guiana. The
goal of much of the trapping and sampling
that resulted in the information reported
here was part of an eradication program.
This program targeted Bactrocera caram-
bolae Drew & Hancock, the Carambola Fruit
Fly (CFF), in the framework of a regional con-
trol program in collaboration with national
plant health authorities in Brazil, Suriname
andGuyana, and the Instituto Interamericano
de Cooperación para la Agricultura (IICA).
French Guiana benefits from a humid
tropical climate. The rainy season lasts from
January to July, with a peak in May, and a
dryer month in March, while the dry season
runs fromAugust toDecember, though rains
can occur even during this period. Daytime
temperatures are higher in the forest than on
the coast, while night temperatures are a lit-
tle cooler. Humidity remains high through-
out the territory and daytime temperatures
are constant (around 28 °C). The rainforests
of French Guiana are largely unexploited
and scarcely populated. Overall, more than
90% of FrenchGuiana is forested; about 95%
consists of primary forest (7,701,000 ha).
French Guiana is home to at least 5,625 spe-
cies of vascular plants of which 3% are
endemic.
Trapping surveys to collect fruit flies in
French Guiana began during the second
half of the 1990s. During the initial stage of
this survey, traps were the most commonly
used tool. They provided information
about the location, diversity and popula-
tion dynamics of fly species but did not
provide information about hosts. Later
phases included samples of cultivated and
wild fruits to associate tephritid species
with their hosts. In 2000, a French team
[Service de Protection des Végétaux (SPV),
Fédération Départementale des Groupe-
ments de Protection des Cultures (FDGPC)
and Centre de Coopération Internationale
en Recherche Agronomique pour le Déve-
loppement (CIRAD)] focused on four
species considered to have the greatest
economic impact: Bactrocera carambolae,
Anastrepha striata Schiner, A. obliqua
(Macquart) and A. serpentina (Wiedemann).
The latter three tephritid species are native
and respectively associated with guavas
(Psidium guajava L.), purple mombin
(Spondias purpurea L.) and star apple
(Chrysophyllum cainito L.) as their main
hosts. The first species, B. carambolae, is a
relatively new invasive species, originating
from Southeast Asia, and first collected in
Suriname in 1975 [22].
Bactrocera carambolaewas not collected
again until 1981 in Suriname. Then, these
adultswere sent for taxonomic identification
and initially named as Dacus dorsalis, to be
later called Bactrocera dorsalis Hendel, the
oriental fruit fly. Although the oriental fruit
fly is considered to be one of the most seri-
ous tephritid pestsworldwide, no actionwas
taken at this time. In 1986, many countries
realized that the presence of the oriental fruitFruits, vol. 68 (3)
Fruit fly species from French Guianafly in Suriname presented a threat to fruit
production and marketing throughout the
tropical Americas and the Caribbean.
However, in 1994, this fly species was con-
sidered to be a separate species from the ori-
ental fruit fly and was described as
Bactrocera carambolae Drew and Hancock,
1994, and named the ‘carambola fruit fly’.
Bactrocera carambolae was detected in
French Guiana in 1989, in Guyana (along the
eastern border) in 1993, and in Brazil in
March 1996 (along the Oyapock River). Fail-
ure to quickly detect and identify this
invasive species led to its spread in northern
South America. Increased control of the car-
ambola fruit fly may impede the further
spread of this fly pest.
Apart from the four target species, there
were a number of tephritids collected dur-
ing the 10-year survey. These specimens
were not immediately identified, but kept
in alcohol for later analysis. One result of
this preliminary inventory in French
Guiana is that only a small percentage of
the 213 tephritids described as Anastrepha
species endemic to the New World and
restricted to both tropical and subtropical
environments were found [21].
Our study can serve to meet four objec-
tives: (i) to update a preliminary list of fruit
fly species (Dacini and Toxotrypanini)
known to be present in French Guiana from
1994 to 2003; (ii) to document the fly-host
associations and infestation rates of some of
these species on both introduced and native
fruits; (iii) to provide some tritrophic rela-
tionships among hosts-tephritids-parasi-
toids, and (iv) to gather baseline information
helpful in launching new programs focused
on the study and control of carambola fruit
fly and Anastrepha species in the Amazon
Basin.
This synthesis of ten years of work pro-
vides baseline data for future studies on fruit
flies in French Guiana.
A future article will demonstrate the
effectiveness of the Male Annihilation Tech-
nique (MAT) implemented with success in
French Guiana [11], and in Suriname [23].
2. Materials and methods
2.1. Location and area of orchards
in French Guiana
Investigations were carried out in 2000–
2002 to locate orchards of different fruit spe-
cies and to assess their respective produc-
tion areas. We used satellite views in order
to identify orchards that might otherwise be
hidden in the rainforest. Visits to place traps
and collect samples were made by car
where possible or by boat along rivers, as
there are few roads outside the inhabited
coastal areas of the country. The data pre-
sented show the location of fruit production
from the year 2002.
2.2. Preliminary inventory
of fruit fly species with trapping
and fruit sampling
Trapping was carried out for ten years
(1994–2003) using food-based attractants in
McPhail traps and methyl eugenol baits in
Jackson traps. While Jackson traps were
used to capture males of carambola fruit fly,
mostly females of all tephritid species were
captured with McPhail traps baited with
Torula pellets in and aroundorchards. Food-
based baits were available to attract tephritid
species including fruit juices (e.g., guava,
grape, orange) or commercially available
protein hydrolysates (e.g., Torula yeast and
Buminal). Protein hydrolysates are generally
considered the most effective for most
tephritid species. Occasionally, food-baited
traps were also placed at the edge of the
rainforest. Furthermore, cultivated and wild
fruits were sampled in multiple sites in all
regions of French Guiana. They were ran-
domly collected from plants bearing nearly
ripe or fully ripe fruits (table I). Fruits were
collected from the trees, or selected from
recently fallen fruits on the ground under the
trees. Some wild species are very tall and
present significant difficulty in collecting
fruit directly from the tree.Fruits, vol. 68 (3) 221
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Fruit fly species from French GuianaFruits were packed in screened coolers
and taken to the Entomology Laboratory of
CIRAD in Kourou (French Guiana). Fruits
were counted, weighed and placed in plas-
tic trays with a layer of sterilized sand at the
bottom covered by a nylon mesh. The col-
lected larvae were reared in laboratory
cages. Once a week, the sand covering the
bottom of the containers was washed and
then sieved to collect the pupae which had
formed during the week. The pupae, col-
lected with flexible tweezers, were then
given a reference number and held in small
hatchery boxes lined with moist blotting
paper (under 25 °C and 75%HR). The emer-
gence status was checked every three days
to collect the adults, which were then iden-
tified using a binocularmagnifier.Whenever
we found difficulties determining a case, the
insect was mounted on polypore to confirm
identification based upon morphological
criteria.
2.3. Fruit infestation rates and fruit
fly parasitoid species
We calculated (i) the fruit infestation rate
(FIR) as themean number of adults obtained
per kg of sampled fruits over three years
(2001–2003); (ii) the percentage of parasit-
ism (PP) as the number of parasitoids (P)
emerged per (P + pupae) (× 100) over
4 years (1999, 2001–2003), and (iii) the per-
centages of the main fly species involved in
infestations of the same fruit species in 1996
and in 2003 (i.e., two snapshots at an inter-
val of 7 years). A sub-sample of newly
emerged tephritid adults was freshly
mounted for a few specimens and the rest
of the specimens were placed in vials con-
taining 70% ethanol. Any parasitoids that
emerged from the pupae were also kept in
vials containing 70% ethanol.
2.4. Determinations of fruit fly
and parasitoid species
We identified the most common species our-
selves, i.e., Bactrocera carambolae, Anast-
repha striata, A. obliqua and A. serpentina.
Determinations of all other Anastrepha spe-
cies were made by Ian White [British Natural
History Museum (BNHM, London, UK],
Gérard Delvare (CIRAD, Montpellier, France),
Keiko Uramoto (Univ. de Sao Paulo, São
Paulo, Brazil) and Roberto A. Zucchi Escola
Superior de Agricultura “Luiz de Queiroz”
(ESALQ), Piracicaba, Brazil]. Determinations
of parasitoid species were made by Romulo
Carvalho [Empresa Brasileira de Pesquisa
Agropecuária (EMBRAPA), Cruz das Almas,
Brazil], Gérard Delvare (CIRAD, Montpellier,
France) and also Jorge A. Guimarães (ESALQ,
Piracicaba, Brazil). Voucher specimens were
deposited in the collections of the BNHM
(London, UK) and CIRAD (Montpellier,
France). Only identified specimens which
were checkedwere considered in our studies.
3. Results and discussion
3.1. Location and area of orchards
During the period 2001–2003, fruit produc-
tion was not yet well developed in French
Guiana. Some small plantations were scat-
tered in twelve different areas within three
main zones (Roura, Cacao and Mana-
Javouhey). Many fruit trees were also found
in backyards in urban/suburban areas. It
was not easy to find reliable information
about the areas of all the orchards though
we measured some of them.
About twenty cultivated fruit specieswere
identified in French Guiana in 2002, cover-
ing more than 60 ha (total) in the northern
part of this country (figure 1, table I). An
early draft of fruit production areas was pro-
vided by the Direction de l'Agriculture et de
la Forêt (DAF) of Cayenne in 2001, and we
updated it in 2002. In 2002, the most com-
monly produced fruit crops were Psidium
guajava L., with more than 22 ha, followed
byMangifera indica L. (~ 13 ha), not always
grafted, Annona spp. (~ 8 ha) and Citrus
spp. (~ 7 ha), all grafted. The surfaces occu-
pied by the other fruit species (Averrhoacar-
ambola L., Eugenia uniflora L., Nephelium
lappaceum L., Syzygium spp. and Spondias
spp.) were not significant.
The three main fruit production zones
were Roura (~ 22 ha) and Mana-JavouheyFruits, vol. 68 (3) 223
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J.-F. Vayssières et al.(~ 10 ha), which are located in coastal areas,
and Cacao (~ 11 ha), which is inland. Fruit
crops were planted and managed in the
areas of Mana-Javouhey and Cacao by an
Asian ethnic group which originates from
the Laos Asiatic people (“Hmong” or
“Mong”). The people in this community are
considered to have both good technical
agricultural skills and perseverance. The
growers did not use chemical pesticides.Figure 1.
General map of French
Guiana.Fruits, vol. 68 (3)
Fruit fly species from French GuianaDuring the years 2001 and 2002, we also
recorded the phenology of flowering and
fruiting periods of each fruit species
(annex I). Most of the fruit species pre-
sented several seasons of fruit production
per year, which provides a very favorable
environment for fruit fly reproduction
throughout the year.
3.2. Inventory of fruit fly species
The results of the inventory of fruit fly
species which were captured both by
trapping and also after emergence from fruit
collections are presented. For instance, in
2003, we had a relatively large area with
traps from Macouria to the Brazilian border,
with 319 Jackson traps and 79 McPhail
traps. At this time, it was the “action zone”
where the carambola fruit fly control with
both the Male Annihilation Technique and
biocontrol activities was developed along
the Brazilian border. The McPhail traps
provided the most interesting results of fly
diversity attracted with Torula pellets, while
Jackson traps captured only males of
B. carambolae. These last traps were used
for carambola fruit fly detection and the
monitoring of its population fluctuations.
A total of 880 kg of fruits representing
45 fruit species, in 22 plant families, were
sampled during this 3-year study (2001–
2003). An average of 76% of B. carambolae,
16% ofAnastrepha striata, 4% ofA. obliqua,
3% of A. serpentina and 1% of other
Anastrepha species were obtained from
these samples of 29 plant species during
these 3 years.
In general, from both trapping activities
and fruit collections, one Dacini and
twenty-one Toxotrypanini species (annex II)
were obtained, namely B. carambolae,
Anastrepha striata,A. serpentina,A. obliqua,
A. leptozona Hendel, A. fraterculus
(Wiedemann), A. hendeliana Lima, A.
nigrivittata Norrbom & Korytkowiski, A.
ethalea (Walker), A. coronilli Carrejo &
Gonzales, A. shannoni Stone, A. distincta
Greene, A. manihoti Lima, A. furcata Lima,
A. sororcula Zucchi, A. antunesi Lima,
A. sagittata (Stone), A. anomala Stone, A.
mucronata Stone, A. atrigona Hendel, A.
pickeli Lima and A. sp. aff. pseudoparallela
(Loew). Furthermore, three probably new
Anastrepha species were also captured in
McPhail traps, but these specimens were in
bad condition. The references, localities,
dates and hosts or the traps in which the
specimenswere encounteredwere recorded
(annex II). Of course, we have not included
a list of locations and dates for all captures.
We tried to present the wider list of fruit fly
species captured with their main hosts. It is
worth mentioning that, during this period
(1994–2003), no specimen of Ceratitis
capitata (Wiedemann) was found in French
Guiana.
The fraterculus species group was the
largest group recorded in our sample. It was
represented by five species: Anastrepha
antunesi, A. coronilli, A. distincta, A.
obliqua and A. fraterculus. According to
both morphological and mitochondrial DNA
phylogenies, it is the largest Anastrepha
species group [24]. This group is also
considered to be the most derived one [13].
Anastrepha fraterculus is a complex of
cryptic species which shows physiological
and morphological differences [25, 26]. In
fact, the actual number of putative species
within the A. fraterculus complex and their
associated biogeography is still uncertain.
Consequently, differences among cryptic
species could have significant consequences
for pest quarantine, management and
eradication issues. It is the same problem
with the large cluster of species (over 50) of
the B. dorsalis complex in Asia [27].
The spatulata species group was the
second largest subdivision of Anastrepha
found, represented by two species; A.
manihoti and A. pickeli. The serpentina and
leptozona groups were represented by
one species each, A. serpentina and A.
leptozona, respectively. We noted that some
specimens of A. serpentina presented slight
differences in their aculeus.Wealso received
from Ian White some specimens similar to
A. serpentina, which were identified as
Anastrepha sp. aff. serpentina in 1998.
According to Norrbom, care is warranted
when referring to some specimens of A.
serpentine [28].Fruits, vol. 68 (3) 225
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hosts
Host information is essential for studies on
the biology and ecology of tephritid species.
The hosts of many tephritid species are still
unknown, and Uramoto et al. noted that
over 50% of the 213 described Anastrepha
species have no host data [21].
First of all, given French Guiana’s vast ter-
ritory and the diversity of both Anastrepha
and plant species, these data should be con-
sidered preliminary and incomplete. Sec-
ond, pupae from different species were kept
under the same environmental conditions.
These conditions could favor the develop-
ment of one species more than others
because pupae mortality could be different
among species. So, the results of fly species
and also parasitoid species should be ana-
lyzed with caution in this regard.
Bactrocera carambolae infested 23 fruit
species belonging to 11 families (annex III).
Its main host was Averrhoa carambola
(Oxalidaceae), with an average of 184 fly
adults per kg fruit. The amount of flies
emerged per kg fruit for each host was:
76 flies from Syzygium malaccense Merr. &
Perry (Myrtaceae), 71 from Syzygium sama-
rangenseMerr. & Perry (Myrtaceae), 43 from
Spondias dulcis Foster (Anacardiaceae),
31 from S.mombin (Anacardiaceae), 23 from
Malpighia punicifolia L. (Malpighiaceae),
11 from Eugenia uniflora L. (Myrtaceae),
10 from Psidium guajava and 8 from
Terminalia catappa L. (Combretaceae).
Roughly,weobtained similar results to those
reported by van Sauers-Muller for Suriname
[12]. This fly species is a serious pest of star
fruits, which can be attacked at a very young
stage with high fly populations. The caram-
bola fruit fly is also a pest of Myrtaceous
crops such as Malay apple and Java apple.
If we compare the hosts of carambola fruit
fly in Asia and Suriname some differences
can be found. In Southeast Asia, 79 fruit spe-
cies belonging to 27 plant families were
recorded [29, 30] compared with 19 fruit
species belonging to 9 plant families in
Suriname [12]. Myrtaceae and Oxalidaceae
fruits originating from South Asia were the
highest infested species (annex III), which
is not really surprising.
Anastrepha striata was found in 12 fruit
species belonging to 5 families (annex III).
Its main host was Psidium guajava,with an
average of 143 fly adults per kg fruit,
followed by Spondias mombin with 37,
Syzygium malaccense with 29, Averrhoa
carambola with 19 and Spondias purpurea
with 7 fly adults per kg fruit. Anastrepha
striata is a serious pest of guavas; it can
attack fruit at very young stages (i.e., small
green fruits).
Anastrepha obliqua (commonly known
as the West Indian fruit fly or also the
mango fruit fly) was found in 9 fruit species
belonging to 4 families (annex III). Its main
host was Spondias mombin, with an
average of 29 fly adults per kg fruit,
followed by Syzygium malaccense with 27,
Spondias purpurea with 12 and Syzygium
samaragense with 6 fly adults per kg fruit.
Interestingly, Anastrepha obliqua was not
found in grafted mangoes in our study and
only emerged from non-grafted ones.
Anastrepha serpentina (commonly known
as the Sapote fruit fly) was found in 3 fruit
species belonging to 1 family (annex III). Its
main host was Chrysophyllum cainito L.
(Sapotaceae), with an average of 35 fly
adults per kg fruit, followed by Manilkara
sapota (L.) P. Royen (Sapotaceae)with 16 fly
adults per kg fruit. Anastrepha serpentina is
indeed associated with the Sapotaceae
family.
In five plant families, five species were
established as being natural hosts (annex II)
of six Anastrepha species, namely, A.
obliqua ex Bellucia grossularioides (L.)
Triana (Melastomataceae), A. leptozona ex
Pouterai caimito Radlk (Sapotaceae), A.
fraterculus ex Bellucia grossularioides, A.
coronilli ex Chrysophyllum cuneifolium
(Rudge) A. DC. (Sapotaceae) and Bellucia
grossularioides, A. distincta ex Inga sp.
(Mimosaceae) and A. sagitata ex Caryocar
sp. (Caryocaraceae). Too little attention has
been paid in surveys to wild native plants,
especially those with small fruits and also
immature fruits [31]. This issue must be
taken into consideration for future
ecological studies. French Guiana can
provide previously unknown insect-plant
relationships.Fruits, vol. 68 (3)
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striata and A. obliqua were found in three
species of Myrtaceae (Psidium guajava,
Syzygium malaccense and S. samaragense)
and three species of Anacardiaceae (Spon-
dias mombin, S. purpurea and Mangifera
indica), which are cultivated fruit trees.
One species of Oxalidaceae hosted the car-
ambola fruit fly and Anastrepha striata
(annex III).
Over 98% of emerged adults from the star
fruit (Averrhoa carambola) were Bactrocera
carambolae, while over 90% of emerged
adults from guava (Psidium guajava)
were Anastrepha striata (annex IV). Over
95% of emerged adults from ambarella
(Spondias dulcis) were B. carambolae. A
few specimens ofAnastrepha fraterculus, A.
antunesi and A. distincta were obtained
from P. guajava.We did not differentiate the
cultivars of P. guajava.
The fraterculus species group was asso-
ciated with some plant families belonging
to the plant group Rosid such as Anacar-
diaceae, Melastomataceae, Mimosaceae
and Myrtaceae [32], as already recorded in
Brazil [21]. Anastrepha serpentina seems to
be associated with hosts of the family
Sapotaceae (annex III). Anastrepha dis-
tincta was associated with at least one Inga
species, this plant family probably being its
primary host [4].
Generally, in Central and South American
orchards, the predominant Anastrepha spe-
cies were (60–90%) polyphagous (i.e., A.
striata, A. obliqua, A. serpentina, A. frater-
culus) [4, 33]; however, these two last spe-
cies were only recorded on three hosts in
French Guiana. Accurate studies in French
Guiana could provide many other hosts for
A. fraterculus. In Brazil, Anastrepha frater-
culus attacks different families of fruit spe-
cies with more than 80 host species1. These
differences in host range between several
geographical (Central vs. South) popula-
tions of A. fraterculus could be explained
by taxonomic differences. Nevertheless,
polyphagous species were not found
exploiting hosts of monophagous species
such as Anastrephamanihoti or Anastrepha
sagitata [34].
No tephritids were obtained from these
sixteen plant species: Annona reticulata L.,
Aniba rosaedora Ducke, Averrhoa bilimbi
L., Artocarpus heterophyllus Lam., Citrus
aurantifolia Sw., Citrus limon L., Citrus
maxima L., Coffea canephora Pierre ex A.
Froehner (= Coffea robusta), Musa sapien-
tum L., Nephelium lappaceum L., Passiflora
quadrangularis L, Persea americana Mill.,
Ricinus communis L., Tamarindus indica
L., Theobroma cacao L. and Theobroma
grandiflorum L.
3.4. Fruit infestation rates
The levels of fruit infestation were very var-
iable and ranged from 0 to 184 adults of
Bactrocera carambolae per kg of sampled
fruits; from 0 to 143 adults of Anastrepha
striata per kg of sampled fruits; from 0 to
29 adults of A. obliqua per kg of sampled
fruits; and from 0 to 35 adults of A. serpen-
tina per kg of sampled fruits (annex III).
For the two main fruit fly species, yearly
averages (of 5 years) gave us 197 adults of
B. carambolae from Averrhoa carambola
and 131 adults of A. striata from Psidium
guajava (annex IV). If compared with the
data reported by Silva et al. in a neighboring
area (Amapa state, Brazil) [6], the infestation
rates recorded in guava were somewhat
lower in French Guiana than in Amapa; but
our results are not really different from
results recorded from southern states of
Brazil [35].
The mean infestation rates of seven
major fruit crops during 1996 were pub-
lished in an undergraduate thesis [8] (figure
2). Eight years later, we calculated the infes-
tation rates of these same host fruits (fig-
ure 3). No major differences were noticed
except for Syzygium malaccense, where
Anastrepha obliqua was not as abundant in
2003 as in 1996. This fruit fly species was
predominant on S. malaccense both in 1993
and 2003 (figure 2, 3), although in 2003 its
abundance was relatively lower. It is inter-
esting to note that the invasive carambola
1 Zucchi R.A., Fruit flies in Brazil: Anast-
repha species, their host plants and parasi-
toids, Available in: www.lea.esalq.usp.br/
anastrepha/, updated on August 10, 2011,
accessed on April 12, 2012.Fruits, vol. 68 (3) 227
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(Averrhoa carambola, Malpighia punicifo-
lia, Spondias dulcis and Syzygium sama-
rangense) (figure 3), while in the earlier
study, native fruit fly species in the genus
Anastrepha predominated in these host
species. This only provides very indirect
evidence of displacement, as there could be
many other explanations. There are several
recent examples of such competitive dis-
placements among fruit flies. In Sub-Saha-
ran Africa, another species of Bactrocera
(Bactrocera invadens Drew Tsuruta &
White) has invaded and dominated several
species of the genus Ceratitis in Kenya [36],
Benin [37] and Senegal [38]. Other examples
of competitive displacements (Bactrocera
vs. Ceratitis) include well-documented
cases in Reunion [39] and the Hawaiian
islands [40]. According to Duyck et al. [41],
complete exclusion of dominated fly spe-
cies usually did not occur.
Furthermore, wild fruit species were not
found to be infested by the carambola fruit
fly during this period in French Guiana [42].
This is important to highlight because, since
2005–2006, wild hosts from the rainforest
were collected and provided a few adults of
Bactrocera carambolae. In Asia, Iwahashi
indicated that B. carambolae was evolving
towards an adaptation of the length of its
aculeus susceptible to fit with oviposition
inside wild hosts of the Asian rainforest [43,
44]. The same phenomenon could be occur-
ring in the rainforests of the north of South
America. It is important to continue to mon-
itor the possibility of carambola fruit fly
adapting to native South American fruit spe-
cies as hosts. Further investigation in wild
hosts is warranted.
3.5. Parasitoid species
We recorded five species of parasitoids:
Diachasmimorpha longicaudata (Ashmead)
(Hymenoptera, Braconidae), Doryctobrac-
ton areolatus (Szépligeti) (Hymenoptera,
Braconidae),OpiusbellusGahan (Hymenop-
tera, Braconidae), Utetes anastrephae
(Viereck) (Hymenoptera, Braconidae) and
Aganapsis pelleranoi (Brèthes) (Hymenop-
tera, Eucoilidae) (annex V). The first Braco-
nidae species is exotic and was introduced
into French Guiana in collaboration with
EMBRAPA in2000 and2001 in the framework
of a classical biological control program
focused on Bactrocera carambolae. The last
four parasitoids are native species which
were already recorded in South America [6,
45]. From 2001 to 2003, the most common
parasitoid specieswasD.areolatus (88%) fol-
lowed by D. longicaudata (5%), O. bellus
(3%), A. pelleranoi (3%) and U. anastrephae
(1%). Doryctobracton areolatus and Diach-
asmimorpha longicaudata accounted for
88%and3%of the total number of parasitoids
recovered in the study area (from Macouria
to the Brazilian border) in 2002, and 87% and
6% in 2003, respectively. Doryctobracton
areolatus was also the predominant species
in several other studies in Brazil [46] and also
in Argentina [47]. This predominance couldFigure 2.
Averages of fruit infestation
rates by four main fruit fly
species in French Guiana
(data 1996).
Figure 3.
Averages of fruit infestation
rates by four main fruit fly
species in French Guiana
(data 2003).Fruits, vol. 68 (3)
Fruit fly species from French Guianabe the result of several reasons: (i) higher
foraging efficiency; (ii) a wider host breadth;
(iii) intra-larval competition; (iv) higher effi-
ciency in suppressing immune response in
the host larvae; (v) no clear evidence of host
plant preference [45], etc.
No native parasitoid species emerged
from samples of Bactrocera carambolae in
French Guiana during the period 2001–
2003. However, we cannot have evidence
that the local parasitoids have evolved the
ability or not to detect and attack immature
stages of this new invasive species. If they
can attack, they can also fail to develop due
to low host suitability or a strong response
of the host immune system. According to our
observations, only Diachasmimorpha long-
icaudata emerged from pupae of the cara-
mbola fruit fly. Our massive releases of D.
longicaudata,with severalmillions of adults
in 2000 in collaboration with EMBRAPA
along the river Oyapock, targeted in fact
both Anastrepha spp. and B. carambolae
(annex V). This point is important in rela-
tion to future programs of biological control
activities. The percent of parasitism rate was
also variable and ranged from 0% to 14.3%.
The most frequent species was Dorycto-
bracton areolatus, followed by Diachasmi-
morpha longicaudata, only recorded along
the Brazilian border (along the Oyapock
river), where the releases were carried out
in 2000. Parasitoids were found infesting
tephritid larvae associatedwith ten host spe-
cies (annex V). Fruit size influences parasit-
ism rates by parasitoids, as these insects
parasitize larvae inside the fruit using their
ovipositor. Larvae that are deep inside larger
fruits seem to escape parasitism by braco-
nids [48]. Apart the fact that pupae from dif-
ferent fly species were kept under the same
environmental conditions, we must stress
the following remark: when fruit is sampled
from the field, it is inevitably out of reach
for late-instar larval parasitoids. So, we can
also say that this could have led to an under-
estimation of D. longicaudata abundance.
Nowadays, D. longicaudata is established
in French Guiana. It has surely affected the
assembly of local species but was ineffective
in controlling fruit flies.
Most published information on Anast-
rephahost-plant relationshipswith parasitoid
associations has been summarized by
Leonel et al. [49], Zucchi [50, 51], Norrbom
[18], Aluja et al. [34], Ovruski et al. [45], De
Jesus et al. [52], Schliserman et al. [53], Silva
et al. [6] and Bittencourt et al. [54]. There is
a large guild of native parasitoids existing in
SouthAmerica andour four native species are
already mentioned. The average of tephritid
parasitismwas very low in the East and center
of French Guiana [42], with ~ 2%, and a little
higher (3.5%) on the Brazilian border. These
preliminary results could support introduc-
tions of exotic braconid species as potential
biological control agents.
During our 3-year study (2001–2003), we
did not observe any seasonality in either
fruit fly-host associations or fruit fly-parasi-
toid associations. One of the reasons could
be the several seasons of fruit production
throughout the year.
3.6. Perspectives of fruit fly control
in French Guiana
According to our previous experience in
fruit fly management in French Guiana, it
seems relevant to underline the following
traits.
Bactrocera carambolae is the main target
among fly species of economic significance;
however, several species ofAnastrepha also
cause threats to three families (Myrtaceae,
Anacardiaceae and Sapotaceae) in French
Guiana. The combined and coordinated
management of both carambola fruit fly and
Anastrepha spp. is necessary in order to (i)
support national growers who have recently
diversified and also developed fruit produc-
tions in French Guiana; (ii) participate with
efficiency in a revival of a regional effort
targeted on carambola fruit fly control with
Brazil and Suriname; (iii) develop some
potential exports of fruit production, and
(iv) detect an eventual introduction of
Ceratitis capitata or other Bactrocera spe-
cies into this region.
Many extrapolations were made for the
carambola fruit fly in the North of South
America from many studies and control
activities of Bactrocera dorsalis from
Southeast Asia. Accurate biological and eco-
logical data are needed for the carambolaFruits, vol. 68 (3) 229
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in northern South America. It is quite rele-
vant that some biological (demographic
parameters, beginning of sexual maturity),
ecological (host array including wild hosts,
long-term response to methyl eugenol) and
behavioral studies (aptitude for dispersion,
interspecific competition) should have been
done before launching a new large control
program against the carambola fruit fly.
Carambola fruit fly and Anastrepha con-
trol in French Guiana could be managed
with an IPM Package including the Male
Annihilation Technique (MAT) [55] and also
classical biological control. The MAT (with
methyl eugenol and insecticide) will be
usedwith Bactrogel sprayswhich are largely
more efficient, quicker, cheaper and require
less human resources. The MAT has worked
very well with block methods [9, 11]. Fur-
thermore, we demonstrated that blocks with
methyl eugenol and insecticide can be used
in an area-wide program without risk to
non-target insect populations [56]. It is an
important result when working in primary
rainforest with high biodiversity indices like
in French Guiana.
Laboratory tests with the carambola fruit
fly and several Anastrepha species of eco-
nomic interest should be carried out to eval-
uate the effectiveness of Diachasmimorpha
longicaudata. Likewise, the potential of
Fopius arisanus Sonan should be assessed.
Considering that this parasitoid is being suc-
cessfully used in Central America [57] and
South America [58] to control Anastrepha
species and also that this species was able
to establish along the Brazilian border and
in fruit sampling (2001–2003), biological
control activities should be developed with
D. longicaudata against Anastrepha spp.
Considering that D. longicaudata is cur-
rently used in Central America [57] and
South America [58] vs. Anastrepha species,
according to both the previous releases
along the Brazilian border and our fruit sam-
pling (2001–2003), this braconid species
could be effective against these native fly
species in French Guiana. We recorded that
D. longicaudata can also attack immature
stages of the carambola fruit fly (annex V).
Thus, releases of D. longicaudata could be
extended to the whole of French Guiana.
Taking into consideration the promising
results of Fopius arisanus against Bac-
trocera dorsalis in South Asia, Hawaii and
the Polynesian Islands [59], it seems relevant
to propose massive releases of this Braco-
nidae species against Bactrocera caram-
bolae in zones without the MAT. Each
introduction into a new area should be fol-
lowed by studies of (i) its acclimation; (ii)
its dispersion, and (iii) its impact on fruit fly
populations. This research phase would
allow us to collect information necessary to
validate our protocols towards transfer of
technology afterwards.
4. Conclusion
Our preliminary study proved to be fruitful
in gaining insight into ecological patterns
such as host-parasitoid associations and fruit
fly life strategies. More thorough studies
focused on the ecology of polyphagous spe-
cies (both in orchards and in rainforests)
might help in understanding the factors that
could transform some tephritid species into
major pests of cultivated fruits. Further stud-
ies should be carried out in French Guiana,
including areas of primarily native vegeta-
tion. Considering the high number of plant
species, we should expect to discover a
large number of new Anastrepha species
through continued sampling in the rainfor-
est and environments which were not pros-
pected. French Guiana and, to a great
extent, the “Guyana plateau”, is considered
a rich biome which harbors a high level of
endemism, high species richness and local-
ities of diversity of plant families that could
provide very interesting results of interac-
tions between insects and plants [60, 61].
Given the rapidity of the habitat destruction
of rainforests (with the leading case of spe-
cies extinction), serious conservation efforts
of the Guyanese forests are very necessary.
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Diversidad de las especies de mosca de la fruta (Diptera: Tephritidae) pre-
sentes en la Guayana Francesa: principales plantas huéspedes y parasitoi-
des durante el periodo 1994–2003, y perspectivas de control.
Resumen – Introducción. El presente estudio se desarrolló en la Guayana Francesa durante
diez años (1994–2003) gracias a tres instituciones (SPV, FDGPC,CIRAD); contribuye a realizar
un inventario de las especies de Tephritidae (Dacini and Toxotrypanini) presentes en dicho
país. Material y métodos. Dicho inventario afecta a las zonas habitadas de la Guayana
Francesa desde la frontera brasileña hasta la frontera sudamericana, concretamente a las loca-
lidades que cuentan con cultivos frutales. Las Tephritidae se obtuvieron mediante la captura
de los adultos y el muestreo de las frutas alrededor de las huertas y al borde de la pluviselva.
La captura duró diez años enteros, mientras que los muestreos de fruta se realizaron de
manera interrumpida. Presentamos los resultados de tres años consecutivos (de 2001 a 2003),
durante los cuales se recolectaron un total de 880 kg de fruta, con 45 especies de frutales que
representaban a 22 familias. Resultados. 29 especies de frutales pertenecientes a 14 familias
fueron huéspedes de 21 especies de Anastrepha y de una especie de Bactrocera, Bactrocera
carambolae (Drew and Hancock). Durante este periodo no se capturó ningún especimen de
Ceratitis capitata (Wiedemann), ni tampoco apareció en las frutas recolectadas. Presentamos
a continuación las principales especies frutales huéspedes de B. carambolae y Anastrepha
spp. Identificamos cinco especies de himenópteros parasitoides. Entre ellas, Diachasmimor-
pha longicaudata (Ashmead) (Hymenoptera, Braconidae) es una especie exótica introducida
en la Guayana Francesa en 2000 y 2001 en colaboración con la EMBRAPA, dentro de un pro-
grama de control biológico. Conclusión. Estas observaciones preliminares pueden aportar
datos fundamentales en el caso de que se retomen los programas de lucha contra B. caram-
bolae y contra las principales especies de Anastrepha en la cuenca amazónica. Dichos resul-
tados se analizaron teniendo en cuenta no solo su valor para la protección de las selvas
primarias, sino también la evolución de las relaciones insectos-plantas.
Guayana Francesa / árboles frutales / plantas huéspedes / insectos depredadores
de los frutos / colección de datos / Tephritidae / Braconidae / Bactrocera
carambolae / AnastrephaFruits, vol. 68 (3)
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